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Since the start of plasma experiments with NBI in 1998, 
the tangentially injected high energy neutral beam has 
shown an excellent characteristics in heating helical 
plasmas. Although the injected power has been gradually 
increased by improving the operating condition of 
high-current negative ion sources, significant increase in 
heating power was requested to obtain a plasma with high 
performance. Therefore it was decided to add the third 
neutral beam line (BL3) for this purpose. 
The BL3 is also a negative-ion-based neutral beam 
injection system designed after the second injector, and was 
manufactured and constructed within one year (FY2000). 
The commissioning was carried out between the fourth and 
fifth experimental campaigns in 2001. It was very 
successful and the BL3 started in operation so quickly that 
we could inject more than 2MW at the first stage of the fifth 
experimental campaign and achieved 3MW in the middle of 
campaign (see in Fig.l). Owing to this successful operation 
of BL3, the total port through power of 6MW was available 
from the first stage of experiment, which was greater than 
the maximum injection power in the fourth campaign 
(5.2MW), and the maximum power was achieved up to 
9MW. 
The status of other two injectors was as follows. 
High voltage withstanding of the first injector (BL 1) was 
found to be deteriorated when the experiment started. The 
breakdown in the ion source frequently occurred and the 
beam energy did not go up. We decided to open the ion 
sources, inspected inside of the accelerators but found no 
apparent damages on the grids or insulators. However, after 
polishing all the grids and the surface of the insulators, the 
high voltage withstanding was recovered, and the stable 
operation of beam power of more than 3MW could be 
sustained until the end of campaign. We consider that the 
pollution occurred during the maintenance of the ion 
sources. More care should be given in the maintenance. 
The status ofthe second injector (BL2) was not very well 
compared with the fourth campaign when the maximum 
injection power of3.5MW had been achieved. The reason is 
not clear, however, at the last stage of the experiment the 
water leaks occurred in the ground grids of BL2 and BL3 
(both designs are the same) due to the localized heat load on 
the water cooling channel by the accelerated electrons. We 
think that there is a possibility of existing very small water 
leak in the BL2 ion sources that reduces the efficiency of 
beam production. 
One of the operational limits of the injectors comes from 
the life of cathodes. For our ion sources, a typical life is 
10,000 shots including conditioning shots. The optimally 
cesiated ion sources must be open to the air, and then an 
extra conditioning shots are necessary to recover their 
performances. This situation can be clearly seen in the 
figures (#28500-29500, #32000-33000). Long life cathodes 
are eager to be developed from this point of view. 
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Fig.]. Summary of beam power during the fifth campaign. 
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